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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL MEMORANDUM NO. 708

FLIGHT-TEST DATA ON THE STATIC FORE~AND—AFT STABILITY
OF VARIOUS GERMAN AIRPLANES

By Walter Hibner

The static longltudinal stability of an airplane with
locked elevator is usually determined by analysis; in spe-
cific cases, by model tests, The eoxtent of agreement be-
tween analysis or model %test and full-scale tests is not
sufficiently known, since actual flight tests have been
very meager, The present report purposes to supply the
results of such measurements,

We used the same method as before (reference 1), al-
though the accuracy in these tests was enhanced and the
interpretation more complete. This method consists in
recording the dynamic pressure versus elevator displace-
ment at different center~of-gravity positions in unaccel-
erated flight, In order to establish definitely the oper—
ating attitude of the engine the records were made at full
and closed throttle, The interpretation is limited to the
flight range between cg ~ 0.2 and cg ~ 1,0; that is, the
zone within which the 1ift coefficient is approximately
linearly dependent on the elevator deflection.

The measurements reveal the relationship of the 1ift
coefficient to the elevator deflection: cg = f (Bg) at
different c.ges positions, so that the pitching moment co-
efficient versus lift coefficient can be determined: cp =
f (es). The value Ocpg/Ocy is & criterion of the static
stability and is shown in figures 1-7 for the different
airplanes versus the cesg. position,

As anticipated, the stability changes linearly with
the c4Ze position, that is, in the same ratio in all air-
planes when the c.g. is expressed ian percent of the mean
chord. The straight lines which represent the decpy/dca

versus the c.Z. position slope for all airplanes, at full

1
*"Ergebnisse von ilessungen der statiechen Lgngsstabilitat
einiger Flugzeuge." 2Z.,F.ifs, January 28, 1933, pp.
4752, :
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throttle as well as by .closed throttle, at
f; (acmH -

B2 ) = o1,

dr \aCa

By virtue of the singular relationship with the c.z.
position, the stavility of an airplane can, by a certain
operating attitude of the engine, be numerically given for
any trim; that is, for any load attitude, provided the
Cee POsition is known at which the airplane is neutrally
stable:

ICmy _ SBg _ .\
gz;‘ = 0 or aCa = O/'

Figure 8 shows this neutrally stable position of the
Cefes T of the examined airplanes for no-load engine
power and for a number of models according to wind-tunnel
tests versus IHFH/tm P, It is readily seen that the meas-
ured values lie in & zone bounded by the two lines:

ro lg Fy To _ ty Fy
EE = 0122 -+ 0.33 tm 7 and tm = 0.30 + 0.33 tm F .

For the first approximation of the neutrally stable c.g,
position of an airplane, the lower 1limit, that is,

- 0.22 + 0.33 & Fg ™
'[',m o & . t,m F

is very expedient.

The measured Jfy/dcg are illustrated in figures 1-7
versus the co.Ze position, The static elevator effect

*By wing area is meant the total area of the wing project-
ed in a horizontal plane, by lhorizontal position of the
propeller axis, The projection of the fuselage portion ly-
ing between leading and trailing edge of the center section
is included in the wing area.

**According to Lapresle (reference 2), the model tests give
for the neutral stability - ce.gZ2e position:

To _ lg Fy
Ty 0,225 + Q.37 EI;—F .
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dcmH = acmH aca
dfg Oca OPm

was determined for each airplane at e?ery operetlng atti-
tude of the engine. The obtained flgures reveal that

ipg 4 ﬁﬂ Fr lm

for the different control surfaces. The denH/dBH values:

for throttled flight together with various wind-tunnel
tests are shown in figure 9 versus the aspect ratio of the
tail surfaces,

The tail surfaces show a marked difference from each
other in shape and position of the elevator axis, The ef~
fect of the different division in stabilizer and elevator
was minimized by converting dan/dﬁH by multiplication with

| 4
[J/0.5 + (L - 0,215 X 0,5)]1: [ / %— + (1 - 0,215 %}J

to a ratio of elevator to control surface area: -%B = 0.5.
H

According to Toussaint (reference 3), we have

depg  0.095 Mg Fr FrN
T8 = kerii7s (127 Fn (3 - 0.215 52

for a control group of full contour with continuous eleva-
tor. The flight tests with airplane of standard type re-
veal, according to the curves in figure 9, figures of from
30 to 40 percent lower than stipulated by this formula,
The sole exceptlon is the Focke~Wulf "Ente', which with
dan '
dBy

d.CnH

0.050 approaches that of the calculated value

= 0,055,

™
t:}
|

The marked dlscrepancy of - dﬁgﬂ of the other air-

planes from the theoretical figure is, in tne first place,
attributable to the blanketing of the control surfaces by
the propeller at no-load, body effect, effect of cut-out

in elevator, effect of open gap between elevator and sta-
bilizer, and effect of form, especially where balanced el-
evators are used., These effects do not exist on the "Ente,!
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But by the usual arrangement and form of the horizon-
tal control surfaces the loss on elevator effect must be
included because of the above cited causes, This is al~
lowed for Dby assuming:

deng 0,095 Ag Fg ; Fp
TIo= = 046 X 7 [ == (1 - ==
dBy ‘ Ay +1.78 teB Py (1 0.215 FH>

Owing to the lack of wind-tunnel data on all but two
types, the comparison between wind-tunnel data and flight
records had to be confined to these two. (See tabie II,)

TABLE II, COMPARISON OF WIND-TUNWEL DATA TO FLIGHT.RECORDS

Heutrally stable po- dengm
TyDpoe sition of c.g. : ry dfy
Flight Wind tunnel | Flight | Wind tunnel
Junkers A 35 | 42.,2% tp 44,0% tn 0,030 040299
Focke~-Wulf
"Ente ~16,3% tpn | ~15.5% tp

The agrecuent is better with the "Ente!" than with the
Junkers; probably because the slipstream effect in the for-
mer is less owing to the location of the horizontal tail
surfaces and of the fuselage.

The approximate limite of the range of the c.g, posi-
tions due to load chaunges in practical service are shown
in figures 1l-7, These limits are very nearly the samc as
those set up in the type tests as limits of unobjocctionable
service gualitles;* right-hand limlt of the shown range
which gives the maximum permissible rearward position of
the cege is of particular significance, for it corresponds
to the ce¢ge position at which an airplane with released
elevator and at cruising speed (i.es, about 60 to 80 per-
cent of the full horsepower), is just sufficiently stable
about the lateral azxis. I+ is seen from the figures that
the limit of stability with elevator released is, in all
airplanes, with the exception of the "Ente," only reached
by rear cegZ. position, at which instability already pre-

o

*Design spedificatiqns fof eirplanes, Ho, 4515,
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vails with locked elevator and the same running attitude
of "the” engine. - . e

The range of stability with released elevator in con-
sequence extends up to zreater c.g. positions than with
locked- elevator (reference 4).,

Current practice demands that every airplane ‘should
be stable with glevator released, For the stablllty with
elevator released determines the direction of the eleova~-
tor forces, which is decisive from the point of view of .
flight attitude and of 1and1ng the airplane in flight,:
The question of whether an airplane should also be stable
with’elevator locked, however, still remains to be an-
swered,

The existence of stability with elevator released,
even if very slight, 1s readily and accurately determina-
ble by the pilot from the elevator forcos. The decision
as to whether an airplane with locked elevator is stable
or not, especially by small absolute stability figures
and pronounced elevator effect, demands pilots particu- )
larly trained for this work, unless instruments are used, L
The conclusion lies close that the stability with locked
elevator is not only of less significance for the airplane
pilot than that with elevator released, dut that it is al-
together unnecessary.

In measurements such as these the airplane is flown
under varying degrees of stability., The changes in be-
havior due to the degroe of stability are especially plain-
ly visible when a stated dynamic pressure must bo held,

By instability with elevator locked it is very diffi-
cult to maintain even an approximately constant dynamic
pressure for any léngth of time; even in calm weather it
requires continuous up and down movements of the elevator.,
By stability with elevator locked it is only necessary to
hold the elevator at its exact setting; the airplane then
maintains the dynamic pressure for this deflection by it-
self ,*  Stability with elevator locked therefore facili-
tates in maintaining a certain flight attitude, but these

*By high stability with clevator locked the dynamic pres-
sure recorder can be exchanged for an elevator displaco-
ment recordor, bocaunsc of tnec singular relationship botween
elevator displacement and dynamic pressure, for a certzaln
engine load and 2 stated stabilizer setting.
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advantages become especially noticeable at landing, since
it requires only a steady pull on the elevator without up
and down movement. Handling an airplane at landing is
much more simple by stability with elevator locked than
by instability, provided, of coursc, the elevator effect
is sufficient,

- FPor that reason, airplanes should be stable with el-
evator released as well as with elevator locked, except
those used primarily for acrobatic purposes,

SUMMARY

Qs . aCmH .
1, Stability with elevator locked: Sca changes

linearly with the c.g. position in overy airplanc tosted,
that_is, *
d acmH\ _

— = -1

dr \dca /

2. The neutrally stable position of the c.g. for
throttled flight can be estimated conformable to

r g F
alle R JECE
deng
3e E_QE (for the conventional tail surface designs
o) and arrangements) according to:
z
de 0,095 Ay | [Fg 7
nHd _ e M| ! R - =
Tt = 0.6 X s (127 R (1 0.215 F2).

depy .
4, The agreement for ry and EEE_ between wind

tunnel and flight test is satisfactory.

5, Every one of the examined airplanes of standard
degign is still stable with elevator released at c.g. po-
sitions at which it is already unstable when the elevator
is locked.

6. From the point of view of landing in flight, ev-
ery airplane, unless primarily inteanded for acrobatic pur-
poses, should be stable with reoleased as well as with
locked elevator.
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. : : TABLE I. AERODYNAMIC CHARACTEIRISTICS AND TEST DATA OF THE INVESTIGATED AIRPLANES :
" *Upper wing. ' |
**¥ith special control surfaces. v :

804 °“ON WNPUWICWON TWOTUUOeY “¥'O°YV'N

PSS T Haka |Helnkel| Udet [Junkers|Junkers|Albatros|Focke-¥ulf
\ XL Ic | HD 32 | U 12 a|F 13 go| 4 35 L 75% ¥ 19a
Wing area r (m2)|18,3 | 24,8 | 25,1 | 44.4 | 30,1 | 30,1 | 29.5
Span b {m) | 7.99 10,45 | 10.0 17.75 | 15.94 12.5 14,0
Mean chord (chord at 2b/37 from wing center) ty (@) | 1.3¢ | 1.36 | 1,36 | 2,62 | 2.02 | 188 | 2.5
Position of the leading edge of the mean wing chord back
of the leading edge of the center sectlon of the wing a (m) | 0,183 0.33‘ 0.23*| 0.158{ 0,115| 0.18*] 0.08
Area of horizontal tail surfaces Py () T2.3 T 3.4 T 3.3 T 70 4.9 4.4 642
Span of horizontal tail surfaces by (m) | 2.8 3.6 3.2 5.8 4.21 4.0 5.2
Width of fuselage at leading edge of stabiliger ag (m) | 0.38 0.4 0.32 | 0.4 042 | (0.42) -
Free span of horisontal tail surfaces bE-21 (m) | 242 | 3.2 | 2,88} 5.2 | 39 | (3.58) | 5.2
Aspect ratio of horisontal tail surfaces ) AE=bp?/Fg 3.4 3.3 3,07 4,5 3488 3.88 4,35
" . " " " » AH=( bE-AH)Z /rH 2.85 3.0 2.8 349 2,95 (3.3) 4,35
Area of stabilixer ¥y (m2) ]| 1.1 1.4 2.2 3.65 2.8 1,8 4,8
Area of elevator ] (m®] 1,2 | 2,0 | 1,3 | 3,3 | 206 | 26 | 1.7
Relative elevator area Tr/Py 0.52 0,59 0.4 | 0.475] 0.2 0,59 0,276
Distance of elevator axis from c.g. of alrplane g {m) | 3.76 4.45 4,58 647 5.42 6.08 4.7
rtm/lﬂrﬂ 1,34 2.21 1,36 ) 2.48 231 1,52 . 2.5
Dead weight . op (xg)| 530 590 645 | 1440 1100 1300 1235
Total weight [t (kg)| 800 850 800. | 2300 1600 1835 1850
Engine type Sienens| Siemens |Siemens [Junkers |Junkers RiW |2x8ieuens
: SE12 | SH12 | SH11 | L6 | L6 | Va _| SH14
Horsepower ] (hp)| 112 112 86 | 300 300 320 [ 200
Operation = c.g. pouition range $ ty |~ 33,1~ 27.4] ~ 27.4|~ 27,8 ~ 30,9 | ~ 16.9| ~ 28,5
: ‘ 03939e5] 0o B38e4].c 3864 ]...39.1]...35,9| ...23.,0]...~23.2
Neutrally stable position of cege ' . .
by full throttle Toy % tn 30,8 2848 33,35 | 36,8 33.0 - =18,3
by closed throttle ToL $ by | 342 36,9 373 | 239.0] 42.3] 4 -
Static controllability dep ' )
at full throttle ( d-a-)-v 0,0156| 0,0328 0,016 | 0,020 | 0,0155 = | 04,0168
at closed throttle ' (%%)L 0,010 {0,0145 0,011 |0,014| 0.013 0,018 -
Rise of normal force coefficient of longitudinal tail
surfaces with elevator displacezent a
in full throttle ﬂi@t ®eprecsnnsssstssstaccsassee (d%)v 0,044 |0,0755 0,036 | 0,050 | 0,036 - 0.039
in closed throttle flight eceececcecocscsscescnss (%%’-’)L 0,028 | 0,0335 0.0245| 0,035 | 0,0295 0,038 -

T o1qeg
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Figure 1.-Two-view drawings of Raab-Fatzenstein KL.Ic "swallow" and test
data on static stability with elevator locked.
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Figure 2.-Two-view drawings of Heinkel HD 32 and test data on static
stability with elevator locked.
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Figure 3.-Two-view drawings of Udet U 12a "Flamingo" and test data on
static stability with elevator locited.
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FPigure 4.-Two-view dravings of Junkers F 1l3ge and test data on static

stability with elevator locked.
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Figure 5.-Two-view dravings of Jun.ers A 35 and test data on .static
' stability with elevator locked.
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Figure 6.-Albatros L 73 "Ass",with special horizontal tail surfaces,and
test data on static stability with elevator locked.



¥.A.C.A. Technical liemorandw: No.708 Fig.7

\ — L;\
' ;‘:(_) '\H.-&'\_ ] : ____}
2 ‘—5@-“ || =
EE . . I

e

1§

&)
EA
\
.
v

0 4 31216 20 Feet
e
o 2 4 6 lMeters

J%

.16 ';_‘1!_\""‘—“‘_-."‘"—"”_‘—1"""}_' T

i e e 9 SEE ek R o
Jigtb 4 ! IS RSSO R S S .
- a,full throttle
.08 r‘_”. i" ’
83 ot b,LApproximate
o |o N operating
S b range.
Cl-H +
e
_.Oétj.4 j - -
40 356 =32 28 —44 20~lo -1z
Per cent tp
c.g. position r
[l ot
12f R l
=38 \agz. ,i*.
*x 4
< ™
w|s A P
o3 . . - -
Ot -
~4] ] T I

40 -36 -32 -28 ~24 -20-16 -12
Per cent tpy
c.g. position r

Pigure 7.-Iwo-view drawings of FockeWulf F 19a "Ente" and test data on
static stability with elevator locked.
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FIGURE 8,~ Neutrally stable position of the c.g., ac-
cording to flight and model tests versus 1y Fg/tp F.
o lg Fy |To in % -
Mark Type Test fﬁ’? t Reference
4 Raka Kl Ic flight!0,35 34,2 |
D  Heinkel HD 32 " 0445 3649
F UuUdet U 12 a " 0.44 37.3
~This report
Y Junkers F 13 ge " 0.40 39.1
© Junkers A 35 n Oe4d 42,2
1% Albatros I 75 n 0.48 44.1 | j
6 Junkers A 35 model 0,43 44,0 ;DVL Jahrb., 1930,
Bero 155
+ "vam:pyr" "
(glider) " 0.265 39,0 |Gottinger Ber, III
bl "Greif " "
{glider) " 0.25 36,5 {Gottinger Bers. III
FaY Rohrbach " 0,47 45,0 |Gottinger Ber, III
v Focke-Wulf A 15 "
(1andplane) " 0,44 39,5 |Gottinger Bor., III
¢ DFW OO T " 0427 35,0 | T.B, III
a Moranc n 0,205 29,0 | Bull, Tech. No., 66
n " 03058 33,0 ¢
i " Qe 442 37 40 "
" 1 067 48,0 n
nn H | 0.00 22‘5 i)
4 Romano " 0,205 3140 L
" " 0.3056 365 "
n f 0,442 41,5 n
" u 0467 48,5 f
f " 0.00 2345 L
> A 4% u 0,205 29,5 L
‘ " 1t 0305 3265 "
" " Oe442 3840 "
" " 0a67 45,0 "
1 " 0.00 25.0 " ° “
© 425 " 0,00 24.,0 | Gottinger Ber. II
. 482 " 0400 28,0 | Gottinger Ber. III
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Pigure 8.~Neutrally stable position of the c.g. according to flight and model tests versus
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FIGURE 9a.- dcp/dp versus aspect ratio of tail unit,
FIGURE 9b.- don/df for Fr/Fg = 0.5 versus aspect
ratio of tail group.
. - -
dennr 04095 Axp /Fp ] Fr
I for EEE* = 047 g F K _1.27 FE (1 - 0,215 fﬁ>
dopg 0,095 Ag Fg Fgo |
II for EEE_ = 0,6 g F 1,73 1,27 Fh (; - 0,215 EE)
k d.Cn
Fp | dey, |3fg TOF
Mark Type Test g Fx | 3fg EB¢=0.5 Reference
Fy
VA Raka K1 Icl|flight{2,55|052 | 0,028 |0,0275 -j
N |Heinkel
HD 32 L 3.0 [0,58 | 0,034 10,032
7 Udet U 12a " 24510440 | 0,0245/0.0265
' > This report
N Junkers
¥ 13 ge " 3.9 [|0,475] 0,035 |0,0355
b Junkers i
A 35 " 2.9510,42 | 0,030 6,032 j
® Junkers DYL Jahrbd, 13430
A 35 " 2.95 0442 | 0,027 10,029 Ber, 174
» _
0 Junkers DVL Janrh, 1930
A 35 Model |2.95[{0.42 | G,0299(0.032 Ber. 155
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